Background. Instrumental activities of daily living (IADLs) exhibit strong predictive power for the presence of dementia and mild cognitive impairment. However, IADLs are often less effective in younger cohorts or in healthy community-dwelling samples, presenting with large ceiling effects. This study aimed to construct an IADL scale with an extended range. An effort was made to incorporate leisure activity tasks that were more stimulating, and potentially more challenging, into a set of traditional IADLs.
Introduction
Decline in instrumental activities of daily living (IADL; ref. 1) is often a gradual and progressive deterioration across a number of tasks many years before the onset of dementia (2) , with IADL impairment being described as a "stepping stone towards Alzheimer's disease diagnosis in participants with mild cognitive impairment" (3, 4) . However, incorporating IADLs into a multifaceted approach to early detection of cognitive changes in healthy aging is limited by the fact that IADL outcomes present with large ceiling effects when used in communitydwelling populations. For example, Wang and colleagues (5) reported disability rates for community-dwelling men and women (mean age, 72) to be 17% in the IADL domain. In a longitudinal population-based cohort (n = 4,287 initially nondisabled older adults from a biracial urban community) with a mean follow-up > 9 years, the average age of IADL disability was 79 (6) . Furthermore, it is evident that IADL disability rates are driven primarily by the physical IADLs, as differentiated by Ng and colleagues (7) , rather than cognitive IADLs such as using the telephone, personal finance, and medication management. For instance, in a community sample with a mean age of 80 endorsing difficulty in heavy housework was 30%, but difficulty in cognitive IADLs was endorsed at a rate of 2% for paying bills and 3% for telephone use (8) . These values fall well short of standards relating to content validity; a maximum ceiling effect of 15% for any given sample has been proposed as the reasonable limit, with some investigators proposing as low as 10% (9) .
In the same way that IADLs have been operationalized as exhibiting a greater level of complexity than basic ADL (10) , there should be a set of activities that are potentially more challenging or stimulating than traditional IADLs, for example, attending classes or playing an instrument. Here, we considered participation in various social and intellectual leisure activities. In cross-sectional and prospective longitudinal studies, reduced engagement in these activities is associated with increased risk of prevalent or incident Alzheimer's disease (11, 12) .
The first aim of this study was is to ascertain whether performance in leisure activities can be placed on a continuum along with traditional IADL tasks. The second aim was to determine whether the summed score of a new scale comprised of these items is an accurate reflection of changes in the latent construct relating to cognitive function. The final aim was to assess the scales association with cognitive ability, using linear and logistic regression methods.
Methods

Participants
The study participants were collected from a probability sample of Medicare beneficiaries living within three adjoining census tracks in the northern Manhattan (New York City) communities of Washington/Hamilton Heights and Inwood. The sample included individuals from several countries of origin and three broadly defined ethnic categories-Caribbean Hispanic, black, and non-Hispanic white of European ancestry. Those elders not speaking English or Spanish were excluded from participation. The study included longitudinal data from two separate recruitment periods, one that began in the 1992 and the other in 1999. The sampling strategies and recruitment outcomes of these two cohorts are described in previous publications (13) . Reassessments took place in waves that were approximately 18-30 months apart.
A central aim of this study was to develop a scale that was sensitive to functional status (ie, leisure activities grounded in IADLs) in the young-old, thus the sample was restricted to participants aged 65-75 (n = 1,430), with a mean age of 71, SD 2.5. A majority of the sample was seen only once when within this age range, with 41% of participants evaluated at least twice, and 12% of the sample evaluated ≥3 times. For scale development, multiple assessments from the same individual were not excluded, thus the overall scale analysis incorporates intraindividual variability within the sample. All participants presenting with dementia from ages 65-75 were removed form analysis, as the scale was intended for use in relatively healthy, or preclinical participants. During scale analysis or construction, 8% of the sample presented with mild cognitive impairment amnestic and another 10% were mild cognitive impairment nonamnestic. After scale construction, was examined the relationship between the extended-IADL (E-IADL) scale and cognitive ability in a smaller sample of participants, all aged 70 (n = 214). Demographics for both samples are presented in Table 1 . We chose to limit our sample to 70-year-old participants to highlight the challenge of detecting cognitive deficits in younger participants, as the robust correlation of age and cognition is often observed in gerontology literature. Further, we sought to draw attention to the limitations of using traditional IADL items in younger community-dwelling older adults.
Statistical Analyses
Construct validity.-We used the public domain software "R" for Mokken analysis (14) to examine the scalability of leisure activities presented in Table 2 . The Mokken model of monotone homogeneity (MH) is based on the assumptions of unidimensionality, local independence, and monotonicity in the latent attribute. Unidimensionality is achieved when all test items or tasks support a single underlying dimension. Local dependency occurs when a respondent's answer to one item automatically has a bearing upon the answer to the other. The local independence assumption seeks to confirm that there is no significant association between items after the dominant factor (eg, functional ability) has been conditioned out (15) . Finally, monotonicity ensures that item endorsements increase as trait levels increase.
The MH model produces a "scalability" diagnostic (16) to assess these assumptions (17) . The primary function of High occupation = manager business/government and professional/technical. Low occupation = unskilled/semiskilled, skilled trade or craft, and clerical/ office worker.
the Mokken scalability component is to assess the degree to which participants can be accurately ordered on the latent trait by means of their sum score (18) ; MH allows for the ordering of persons on the latent trait by the sum of the item score-an essential requirement for a psychological test. Item quality is expressed by discrimination power. Poorly discriminating items have response probabilities that are less responsive to changes in trait level. From the item H values, the Mokken model produces a weighted sum, referred to the total H or scale H. When interpreting H, the following guidelines are common: 0.3-0.4 = weak scale, 0.4-0.5 = medium scale, and > 0.5 = strong scale (19) . Unidimensionality and local independence were further assessed using the RUMM2030 software package (20) . Here, unidimensionality and local independence were scrutinized by examining principal component analysis of the residuals (21) and the residual correlations for each pair of items, where values above .2 indicate local dependence (22) .
Finally, for the nonparametric Mokken scaling, Rho is used to define scale reliability, and is an internal consistency coefficient comparable to Cronbach's alpha (23) . Most theorists agree that a ρ more than .80 is desirable, and a ρ more than .70 is a minimum requirement (24) .
Cognitive associations.-Data analysis was performed using SPSS version 16.0 (SPSS Inc., Chicago, IL). A Spearman's rank order correlation was run to determine the relationship between the E-IADL sum score and the four composite scores of memory, language/executive, speed, and visuospatial (see Supplementary Material). Correlations between composite scores and IADL sum scores were also examined. Frequency distributions of E-IADL and IADL sum scores were generated as evidence of content validity. Predictive validity was investigated cross sectionally for a sample of nondemented participants aged 70 (n = 216), using a binary logistic regression model. E-IADL sum was used as a continuous predictor and performance on neuropsychological composites as the outcome measure. The neuropsychological composites were dichotomized into the 25% worst performers versus all those above this cut point.
Results
Scale Construction
Stage 1.-The initial examination of 11 leisure activities revealed a set of items that were not scalable under the Mokken MH criteria. The overall scale H coefficient was 0.25, and nearly half of the item H coefficients fell below the lower band value of 0.30. Furthermore, two items, "receive visitors" and "watch TV," needed to be excluded from further analysis due to negative H values with one or more items. Three additional items ("games," "hobby," and "attending church") were removed due to lowerbound H values under the 0.30 standard. The six remaining items ("classes," "volunteer," "clubs," "movies," "visiting," and Notes: All IADL response options were collapsed to a binary response option so as to make them compatible with dichotomous leisure activities, that is, some trouble or difficulty versus no help. IADL = instrumental activities of daily living.
"reading") did meet the Mokken MH criteria, resulting in an overall scale H coefficient of 0.45 (see Table 3 ). This H value suggests that the scale has medium strength with regard to ordering participants by the sum of items and approaching the 0.50 cut point for a strong scale.
Stage 2.-In an effort to reduce the often dramatic ceiling effects observed for the young-old being assessed on IADLs and to anchor complex leisure activities in more fundamental tasks, an attempt was made to combine the two scales into a single unidimensional construct. This resulted in low scalability (H = 0.39) for 13 activities. The Mokken package flagged the "paying bills" item due to a lowerbound H value of 0.26. This item was removed from further analyses. In order to improve the overall scalability, the worst performing leisure item ("reading"; H = 0.30) and the worst performing IADL item ("trouble around the house"; H = 0.32) were removed. Low item H values infer weak discriminatory power for distinguishing between people with low functioning and those with high functioning. Removing these items improved the overall scalability to 0.41, indicating medium scale strength, suggesting that we can be reasonably confident that the sum of these items reflects changes at the latent trait level. Comparing the subtests through an independent t test demonstrated that only 3.99% of participant ability estimates differed significantly, which supports the unidimensionality of the E-IADL. The local dependency assumption was investigated by computing the residual correlations for each pair of items. Here, we found no correlations that were .2 above the average correlation for the entire matrix, thus indicating no violation of local independence.
Reliability was estimated using the Mokken Rho coefficient, an internal consistency coefficient comparable to Cronbach's Alpha (23) . The value of 0.73 indicates sufficient reliability; in psychometrics (24) as well as in medical statistics (25) values of 0.70 or 0.80 are considered to be sufficient for basic research, such as comparing groups and calculating correlations.
Stage 4.-In addition to the MH scalability procedure, the Mokken model can be used to apply the Double Monotonicity procedure. Double monotonicity is used to establish the property of invariant item ordering (IIO), thus confirming a formal item hierarchy. Inspecting item characteristic curves revealed that several curves crossed, suggesting that the item hierarchy was inconsistent over the latent construct. The "prepare meals" item was involved in both violations and was removed to meet the IIO criteria. The final nine-item E-IADL scale (Table 4) met the minimum reliability requirements and a scalability coefficient of 0.42, which indicates a scale of medium strength.
Cognitive Associations
One point was given for participation in each of the E-IADL (nine-item scale) activities and an aggregate score was assigned to each patient for the subsequent analysis. The correlation coefficient (Spearman's rho) for the E-IADL sum score and each cognitive domain were: visuospatial (r = .35, p < .01), processing speed (r = .36, p < .01), memory (r = .14, p < .05), language function (r = .35, p < .01). To further scrutinize the E-IADL, we contrasted its performance with a nineitem sum score derived from traditional IADLs. The IADL items included the initial items presented in Table 3 : difficulty using the telephone, taking medications, light chores, paying bills, trouble around the house, trouble around the neighborhood, difficulty preparing and cooking meals, and difficulty shopping, and trouble with chores. Comparing the association between the four cognitive composite scores and IADL sum score resulted in one significant correlation (rho), visuospatial (r = .18, p < .05). Directly comparing the IADL to E-IADL scores in terms of linear regression suggest that the E-IADL accounts for a much larger proportion of variance in visuospatial performance −0.09 versus 0.03.
Multivariate binary logistic regression was employed to examine whether the E-IADL sum score could be used to differentiate between participants who fell in the bottom 25% of cognitive performance versus all of those above this mark. This dichotomization was established for three of the four composite measures: visuospatial ability, speed of processing, and language function. Here, we found that one unit increase in the scale significantly decreased the odds of being in the bottom 25% of visuospatial performance (odds ratio = 0.70 [confidence interval: 0.54-0.89], p < .01) and processing speed (odds ratio = 0.71 [confidence interval: 0.54-0.93], p < .05). Covariates in the model included education, occupational status, gender, ethnicity, and depression. Despite having a significant univariate association with the E-IADL (odds ratio = 0.78 [confidence interval: 0.62-0.98], p < .05), the language composite was no longer significant after the inclusion of the education variable. However, dividing the E-IADL into high and low performers did result in a significant association. Because the E-IADL scale is composed of four traditional IADL items and five leisure-type activities, higher performers were designated as those who could perform from 1 to 5 leisure activities and low performers, those participants only performing from 1 to 4 of the traditional IADL items. Dichotomizing activities in this way resulted in an odds ratio 2.96 (confidence interval: 1.23-7.14, p < .05), that is, low performers being in the bottom 25% of language scores.
Discussion
Prompted by historical evidence indicating that more complex IADLs can be placed on a unidimensional continuum with basic or personal care ADL (26, 27) , this study hypothesized that cognitive leisure activities might occupy the challenging end of a continuum anchored in less stimulating IADL tasks. Unidimensionality was confirmed for a nine-item scale using two distinct methods, the Mokken MH criteria and principal component analysis of the residuals. The final scale presented with medium scalability, as quantified with an H coefficient of 0.42. Binary logistic regression indicated that participants only performing IADLs, compared with those performing one or more leisure activities, were 2.96 times (relative odds) more likely to be in the bottom 25% of the language composite distribution.
Cognitive impairment without dementia has been of interest to clinicians because of the difficulties they may foster in performing tasks of everyday function. Compared with basic ADLs (eg, bathing or dressing), IADLs such as shopping or preparing meals generally have greater cognitive demands and are in consequence more likely to be vulnerable to early effects of cognitive decline (28) . In contrast, traditional IADLs may be less effective at early phases of cognitive impairment, allowing transitions from healthy cognitive aging to neurodegenerative diseases to go unnoticed during critical intervention periods. The E-IADL is intended to act as a more demanding functional marker, or functional risk factor, compared with IADLs.
The E-IADL sum score correlated most strongly with processing speed, visuospatial ability, and language function. In regression analyses, processing speed and visual spatial ability exhibited the most robust relationships with E-IADL performance. Newson and Kemps (29) , using a large general population sample (mean age, 77), examined volunteer work and social activities and found that these tasks significantly predicted 6-year cognitive change in processing speed. In a population-based sample (mean age, 69), Aartsen and colleagues (30) , found that processing speed was the only cognitive score that influenced engagement in their domain of development activities, as measured by two activities-following an educational course and engaging in outdoor sports. In the current study, using cross-sectional data of participants aged 70, it was found that for each additional E-IADL task endorsed the odds of being in the bottom quarter of a processing speed composite decreased by 30%. A nearly identical association was found for the domain of visuospatial ability. In a community-dwelling sample with a mean age of 55 (31), it was found that a spatial visualization composite was significantly associated (r = .29, p < .01) with their developmental activities domain (eg, participate in college course, read magazine for job, attend public lectures).
This manuscript is largely a methodological endeavor so we would like to make two final points concerning scale construction and item response theory (IRT) standards. Local independence has been proposed as one of several criteria in establishing construct validity (32) . Most often researchers assume local independence, without inspection. Unchecked local dependence can affect parameter estimates, standard error estimates, and the fit of the IRT model (33) . Our final point concerns the property of IIO. Ligtvoet and colleagues (34) report that IIO is a strong requirement in measurement practice, and that researchers sometimes assume that fitting an IRT model implies that items have the same ordering by difficulty or popularity for all individuals, but this assumption requires modification. Furthermore, previous research has shown (35, 36) , rather surprisingly, that IIO can only be confirmed in a small minority of IRT models.
Study Limitations
It is possible that participants do not perform the leisure activities included in the E-IADL because they have no interest in doing so. Also, they may participate in leisure activities that form a separate construct, such as activities related to games or crafts, or may perform leisure activities that are scattered across multiple domains. However, these limitations do not negate the findings from this study, that is, that increasing levels of participation in sociodevelopment-type activities is associated with better cognitive function. Another limitation relates to the items themselves; some items include multiple activities in a single question, such as "attending movies, restaurants, or sporting events." Such items may have an adverse effect on construct validity. Finally, the sample is comprised of a multiethnic cohort, which supports its generality; however, this cohort is also locally restricted and urban.
Conclusions
This study constructed a reliable and valid E-IADL scale that covers a broader range of functional ability in the young-old than the traditional IADL scale. In a sample of participants aged 70, the scale dramatically reduced ceiling effects without resorting to the inclusion of physically demanding tasks, for example, heavy housework or vigorous activity; comparing the nine-item E-IADL scale with a nine-item IADL scale resulted in a reduction of ceiling effects from 67% to 3% (Figure 1 ). The scale met the IRT assumptions of unidimensionality, local independence, and monotonicity. The scale also met the nonparametric Rasch model equivalent of IIO, thus reinforcing construct validity by establishing a formal hierarchy of functional decline. Cross sectionally, the scale was predictive of relatively subtle cognitive differences (bottom 25% of distribution), particularly in relation to composite scores of visuospatial ability and processing speed. For both of these composites, the odds of scoring in the bottom quarter were reduced by 30% for each additional E-IADL activity endorsed. Finally, Figure 1 . Sum score distributions of a traditional IADL scale and the new E-IADL scale. Note: x-axis represents sum scores, with a maximum score of 9 for both scales. E-IADL, extended-instrumental activities of daily living.
it is worth highlighting that these findings occur in a sample of nondemented, community-dwelling, young-old.
